3GPP TSG-RAN WG1 Meeting #88
R1-1703303
Athens, Greece, February 13-17, 2017
Agenda Item:
8.1.6.2
Source:
Ericsson
Title:
Cross-Link Interference Mitigation for Dynamic TDD in Indoor Hotspot Environments
Document for:
Discussion and Decision
1 Introduction
The use of dynamic TDD where the direction of transmission is not fixed on any resource in a static or semi-static manner is expected to cause so-called cross-link interference where the dominant interference for a transmission in one direction (e.g., downlink) is caused by another transmission in the other direction (e.g., uplink). The mitigation of such interference has been discussed in the past few meetings. In RAN1#87, for managing the cross-link interference that may potentially limit the benefits of dynamic TDD, multiple schemes were identified as per the following agreement.

Agreements:

· At least following schemes are identified to be further studied aiming to mitigate cross-link interference with and without the assumption on inter-cell coordination:

· Advanced receiver for interference cancellation/suppression 

· RS design (e.g. symmetric RS) and timing alignment between DL and UL 

· Sensing/measurement scheme (e.g. LBT-like, OTA measurement if any, etc.)

· Power control and coordinated schemes (e.g. coordinated beamforming/scheduling, OTA signalling if any, etc.)

· Link adaptation

· Strive for common cross-link interference mitigation schemes for both paired and unpaired spectrum.

· For further study of measurements of cross link interference (CLI), aim for (if possible) reusing a physical reference signal used for other purposes 

· The need to enable CLI measurement should be taken into account when designing the RS which is also to be used for CLI measurement

· Study metric(s) to be used for CLI measurement, e.g., RSRP

· Physical reference signal used for CLI measurement aim for the same type for DL & UL (e.g. DM-RS type, CSI-RS type, etc.)

· To support CLI measurement, RS of a UE or a TRP aim to be received by another UE or another TRP 

In the last NR Adhoc meeting, the following conclusion was reached [5].

Conclusion:

· Companies shall provide the following information in RAN1#88 for analyzing interference mitigation schemes for TRP-to-TRP and/or UE-to-UE cross-link interference

· Gains provided by the considered interference mitigation scheme

· Potential specification impacts (not limited to RAN1) of the considered interference mitigation scheme

In [4] we discussed some simple coordination schemes that can provide significant benefits in performance by mitigating cross-link interference in a dense urban environment. In this contribution, the effectiveness of these schemes in an Indoor Hotspot environment is discussed. As was the case in [4], it is shown that the most promising schemes involve coordination of scheduling direction between different base stations in load regions where the cross-link interference starts to degrade performance.
2 Discussion
It is worth noting that fully dynamic TDD where each minimum schedulable resource unit can be allocated either transmission in any direction is mainly beneficial in scenarios where the interference from gNBs and UEs is not too dissimilar. Indoor hotspot scenarios therefore are the most promising environments where dynamic TDD is expected to yield benefits. Cross-link interference mitigation for such environments is discussed here.

The interference management schemes that have been discussed for cross-link interference mitigation may roughly be classified as follows. The first category of schemes attempts to avoid such cross-link interference by coordinating transmissions between different nodes. Such coordination may be achieved either by communication between nodes over the backhaul or by some over-the-air signaling and measurements between the nodes. The second category of schemes attempts to cancel the cross-link interference using advanced receiver processing. 
While DL and UL LBT can significantly reduce cross-link interference for the 4 GHz Indoor Hotspot case, the evaluations do not show a throughput gain commensurate with the extent to which cross-link interference is reduced. The figures below show the performance for these schemes which is also discussed in [2]. As expected, DL LBT produces greater gains in UL throughput than UL LBT and vice-versa due to the mitigation of cross-link interference. However, at higher loads, the gains in throughput diminish or losses are observed in comparison to static TDD. In comparison the hybrid dynamic and static TDD approach provides more consistent gains across all load points and considering both DL and UL throughput. The reason for the lower throughput gains with DL and UL LBT as compared to the hybrid dynamic and static TDD approach in spite of better cross-link interference mitigation, is due to a reduction in the reuse factor between nodes. That is, the DL and UL LBT procedures do improve SINR by reducing cross-link interference, but they also significantly reduce transmission opportunities. At higher loads, the latter effect overwhelms the former which results in lower gain or losses. In comparison, the hybrid dynamic and static TDD approach mitigates cross-link interference without such a dramatic reduction in transmission opportunities and hence strikes a better trade-off, resulting in more consistent gains at all load points.
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Figure 1: The mean user throughput vs. served traffic per TRP for NR Indoor hotspot scenario at 4GHz with 3 TRP per floor with DL:UL traffic ratio of 1:1. The left and right plots correspond to the DL and UL user throughput, respectively.

Considering the above, we can make the following observations.

Observation: 
· Hybrid dynamic and static TDD can limit cross-link interference in Indoor Hotspot environments at 4 GHz and yield better performance than using static TDD at most load points of interest when all nodes in the network have similar traffic characteristics.
· DL and UL LBT can significantly limit cross-link interference in an Indoor Hotspot Environment at 4 GHz, but can also significantly limit reuse factors, which can limit the gains at high load points. 
· Considering DL and UL performance and a broad range of operating loads, hybrid dynamic and static TDD can achieve better performance than the use of DL and UL LBT when dynamic TDD is used in an Indoor Hotspot Environment operating at 4 GHz.
The performance of Dynamic TDD in Indoor Hotspot environments operating at 30 GHz was discussed in [3]. In the following we discuss cross-link interference mitigation in such an environment. It should be noted that the number of TRPs is 12 per floor at the higher frequency band instead of 3. The throughput figures corresponding to Figure 1 above for 4 GHz are shown in Figure 2 for the 30 GHz case. Similar observations can be made for the 30 GHz case as were made for the 4 GHz case. The throughput plots show that DL and UL LBT can lead to throughput losses as compared to static TDD even at medium loads. We therefore can make the following additional observation specific to the 30 GHz case.
Observation: 

· DL and UL LBT can result in performance losses at medium to high loads in an Indoor Hotspot Environment at 30 GHz due to a reduction in reuse factors which cause more degradation in performance than the improvement in SINR due to cross-link interference mitigation.
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Figure 2: The mean user throughput vs. served traffic per TRP for NR Indoor hotspot scenario at 30GHz with 12 TRP per floor with DL:UL traffic ratio of 1:1 and file size 0.5 MB. The left and right plots correspond to the DL and UL user throughput, respectively.

Considering the above discussion and the evaluation results, it is clear that performance enhancements can be obtained by managing cross-link interference simply by transitioning from dynamic TDD to static TDD under certain conditions. A simple method to achieve this is to switch to static TDD when there is traffic in opposite directions to be scheduled in the cell. The DL:UL ratio used for static TDD is aligned across all the cells in the network and the timing of the DL and UL slots is aligned as well. The choice of the DL:UL ratio can be adapted slowly based on the long term traffic characteristics. These gains can be realized simply by implementation in an operator’s network without the need for any specification impact. Considering the above, we conclude the following.

Conclusion: The following method can be used for cross-link interference mitigation in NR in an Indoor Hotspot environment.
· Hybrid dynamic and static TDD, where dynamic TDD is used unless there is traffic in opposite directions to be scheduled in the cell or at any of the co-located cells, in which case, the cell or all the co-located cells are switched to a fixed TDD scheme with a fixed DL:UL ratio. 
· The DL:UL ratio is adapted slowly to the long term traffic characteristics of the network
· The DL:UL ratio used is the same for all cells in the network.
The table below captures the gains with respect to dynamic TDD for each of the considered considered cross-link interference mitigation schemes.

	DL/UL traffic ratio
	Interference mitigation scheme
	Gain in DL Throughput (%)

	
	
	Low load
	Medium load
	High load

	
	
	Mean
	5th %ile
	Mean
	5th %ile
	Mean
	5th %ile

	1:1
	Distributed Hybrid TDD
	  0.84
	1.38
	  5.82
	8.07
	  247.70
	939.68

	
	DL LBT
	  -4.65
	-3.90
	  -16.90
	-18.25
	  -35.36
	-36.07

	
	UL LBT
	  11.28
	17.79
	  7.06
	16.43
	  167.60
	641.50

	4:1
	Distributed Hybrid TDD
	  -0.74
	-0.13
	  -0.09
	0.59
	  37.89
	43.92

	
	DL LBT
	  -3.20
	-4.00
	  -9.87
	-6.69
	  -20.85
	-27.50

	
	UL LBT
	  5.03
	6.94
	  -2.15
	3.70
	  -13.31
	-26.17


Table 1: Gains with respect to dynamic TDD for each of the considered cross-link interference mitigation schemes for the DL at 4GHz in an Indoor Hotspot environment

	DL/UL traffic ratio
	Interference mitigation scheme
	Gain in UL throughput (%)

	
	
	Low load
	Medium load
	High load

	
	
	Mean
	5th %ile
	Mean
	5th %ile
	Mean
	5th %ile

	1:1
	Distributed Hybrid TDD
	  0.84
	3.21
	  2.28
	5.13
	  60.79
	127.92

	
	DL LBT
	  4.53
	8.21
	  6.09
	14.45
	  -20.12
	-25.77

	
	UL LBT
	  -17.40
	-19.29
	  -48.55
	-56.44
	  -83.01
	-94.42

	4:1
	Distributed Hybrid TDD
	  -0.56
	5.67
	  0.53
	2.21
	  24.43
	10.35

	
	DL LBT
	  2.78
	-6.56
	  6.64
	2.95
	  8.25
	24.39

	
	UL LBT
	  -22.11
	-33.73
	  -50.92
	-70.26
	  -86.85
	-97.35


Table 2: Gains with respect to dynamic TDD for each of the considered cross-link interference mitigation schemes for the UL at 4GHz in an Indoor Hotspot environment
	DL/UL traffic ratio
	Interference mitigation scheme
	Gain in UL throughput (%)

	
	
	Low load
	Medium load
	High load

	
	
	Mean
	5th %ile
	Mean
	5th %ile
	Mean
	5th %ile

	1:1
	Distributed Hybrid TDD
	  0.68
	7.02
	  22.97
	56.42
	  76.06
	699.63

	
	DL LBT
	  -30.50
	-33.44
	  -80.25
	-95.91
	  -60.31
	-32.43

	
	UL LBT
	  -12.71
	-15.10
	  -64.82
	-85.58
	  3.41
	211.65

	4:1
	Distributed Hybrid TDD
	  1.44
	2.46
	  8.82
	27.79
	  54.53
	251.03

	
	DL LBT
	  -18.44
	-21.22
	  -49.64
	-65.29
	  -55.29
	-68.90

	
	UL LBT
	  -2.09
	-3.82
	  -29.09
	-44.61
	  21.81
	116.38


Table 3: Gains with respect to dynamic TDD for each of the considered cross-link interference mitigation schemes for the DL at 30GHz in an Indoor Hotspot environment

	DL/UL traffic ratio
	Interference mitigation scheme
	Gain in UL throughput (%)

	
	
	Low load
	Medium load
	High load

	
	
	Mean
	5th %ile
	Mean
	5th %ile
	Mean
	5th %ile

	1:1
	Distributed Hybrid TDD
	  0.69
	1.70
	  10.38
	22.30
	  6.35
	-13.32

	
	DL LBT
	  -7.21
	-17.08
	  -62.99
	-88.23
	  -49.11
	-73.73

	
	UL LBT
	  -39.94
	-43.42
	  -92.08
	-98.90
	  -86.17
	-96.17

	4:1
	Distributed Hybrid TDD
	  0.46
	5.73
	  6.18
	11.42
	  33.90
	58.19

	
	DL LBT
	  -4.73
	-18.18
	  -39.60
	-52.47
	  -41.31
	-24.28

	
	UL LBT
	  -34.22
	-47.54
	  -85.03
	-96.67
	  -83.37
	-94.17


Table 4: Gains with respect to dynamic TDD for each of the considered cross-link interference mitigation schemes for the UL at 30GHz in an Indoor Hotspot environment

The table below captures the specification impact of the considered cross-link interference mitigation schemes.

	Interference mitigation scheme
	Specification impact

	Distributed Hybrid TDD
	None

	DL LBT
	Specification of LBT scheme including energy detection threshold

	UL LBT
	Specification of LBT scheme including energy detection threshold


Table 5: Gains with respect to dynamic TDD for each of the considered cross-link interference mitigation schemes for the DL

3 Conclusions
We discussed cross-link interference management in Indoor Hotspot environments at 4 and 30 GHz and made the following observations.
Observation: 

· Hybrid dynamic and static TDD can limit cross-link interference in Indoor Hotspot environments at 4 GHz and yield better performance than using static TDD at most load points of interest when all nodes in the network have similar traffic characteristics.

· DL and UL LBT can significantly limit cross-link interference in an Indoor Hotspot Environment at 4 GHz, but can also significantly limit reuse factors, which can limit the gains at high load points. 

· Considering DL and UL performance and a broad range of operating loads, the hybrid dynamic and static TDD can achieve better performance than the use of DL and UL LBT when dynamic TDD is used in an Indoor Hotspot Environment operating at 4 GHz.
· DL and UL LBT can result in performance losses at medium to high loads in an Indoor Hotspot Environment at 30 GHz due to a reduction in reuse factors which cause more degradation in performance than the improvement in SINR due to cross-link interference mitigation.
Based on the discussion in the contribution and the associated evaluations, the following was concluded.
Conclusion: The following method can be used for cross-link interference mitigation in NR in an Indoor Hotspot environment.
· Hybrid dynamic and static TDD, where dynamic TDD is used unless there is traffic in opposite directions to be scheduled in the cell or at any of the co-located cells, in which case, the cell or all the co-located cells are switched to a fixed TDD scheme with a fixed DL:UL ratio. 
· The DL:UL ratio is adapted slowly to the long term traffic characteristics of the network
· The DL:UL ratio used is the same for all cells in the network.
The specification impacts of the evaluated cross-link interference mitigation schemes were summarized.
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